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Introduction:    
 
Despite recent advances in both suture welding 
and knotless anchor technology, knot tying 
will  remain a necessary skill which the 
surgeon must master when performing suture 
anchor in laparoscopic surgery. There are an 
endless number of combinations of knots 
(sliding versus static, simple versus complex, 
etc.) and suture types (monofilament versus 
braided) to accomplish this task. Surgeons are 
familiar with knotting but seem not to be aware 
of the possibilities and impact of the 
techniques of capsizing, flipping, and flyping 
knots. (1) Capsizing refers to changing or 
perverting a flat knot’s geometry under 
asymmetric stress. The simplest examples of 
this is the change of the overhand knot into a 
half-hitch by putting more tension on its one 
end than on the other (Fig. 1A). (2,3,4)  Flipping 
the knot means to interchange the standing part 
and working end of the suture, thereby 
relocating the knot from one end of the suture 
to the other.(5)  The half-hitch can be flipped 
easily between both ends of a suture (Fig. 1B). 
Flyping (that rhymes with “typing”) is an 
archaic Scottish word that was used to describe 
the peeling off of a very wet glove of the hand, 
thereby changes its configuration from a right-
hand glove to a left-hand one. (6,7,8)  . 
The Scottish physicist Peter GuthrieTait (1831-
1901) introduced flyping as a knotting term, in 
the late-19th century, to define this “turning 
outside in” deformation process of the 
geometry of knots. (9) An illustrative example 
of flyping is the change of a series of turns of 
the working end around the standing part, into 
the proper blood knot geometry by drawing the 
proximal turns over the distal ones (Fig. 1C). 
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(7)  Ignorance about the techniques of 
capsizing, flipping, and flyping resulted in the 
introduction of many allegedly new sliding 
endoscopic or arthroscopic knots that merely 
represented configurations of long-known 
fishing, sailing, or rigger knots. A knot should 
secure tissue approximation, simple, easy, 
quick, and reliable. The aim of this article 
review is to determine which hand tied knot 
configuration, suture size, and suture type that 
would be safe in laparoscopic surgery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. (A) Changing the overhand knot 
(top) into a half-hitch (bottom) by putting 
tension on one end is the simplest example of 
capsizing a knot. (B) Flipping a half-hitch 
from one end of the suture (top) to the other 
end (bottom). (C) Changing the sequence of 
turns of the working end around the standing 
part (top), into the proper Half Blood Knot 
geometry (bottom) is an example of flyping. 
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Materials and Methods: 
A literature review was performed 

using Springerlink, Pubmed, Highwire press,   
search engines like Google, and Yahoo. The 
following search terms were used: 
extracorporeal knot, laparoscopic knots, 
laparoscopic tissue approximation, Roeder's 
knot, Meltzer's knot, Weston knot, Duncan 
knot, Nicky's knot, SMC knot, Tennessee knot. 
51032 citations were found. Selected papers 
were screened for further references. 
Publications that featured illustrations of 
sliding knots , comparing between different 
extracorporeal knots and suture materials, 
Knots tied with and without a series of 3 
RHAPs. with statistical methods of analysis, 
were selected. More than 22 different sliding 
knots were used for this review (table 1). 

 
 
Table 1. Different Sliding Knots in this 
Review 
 

Two half-hitches 4 

Reversed half-hitches 4 

Practical knot (simple version) (10,11) 

Practical knot (advanced version) (10) 

Nicky’s knot or taut-line hitch (12,13,14,15,16,17,18) 
Giant knot (19) 
Modified tautline hitch (18) 
Tennessee slider (12,15,20,21,22) 
Clinch knot, (23) Wendel Knoten,(24) and Vale 
knot (25) 
Locking knot (26) 
Secure knot (27) 
Tonsillectomy knot (13) 
Noose loop (28,29) 
Duncan loop, (23) blood slipknot, (30) 
hangman’s knot,(31) easy loop,(32) ordura knot 
(33) 
Triad knot (34) 
Three-twist knot (35) 
Figure-of-eight noose (13) 
Hangman’s knot (13) 
Hangman’s tie (36) 
Mid-ship knot (37) 

 
Definitions  
Post limb: the straight portion of the suture 
limb purely defined as the suture limb under 
the most tension  
Wrapping limb: the free portion of the suture 
limb that wraps around the post limb  
Effective knot: possesses the attributes of both 
knot security and loop security  
Knot security: the effectiveness of a knot to 
resist slippage when load is applied  

Loop security: the ability of a knot to 
maintain a tight suture loop as a knot is tied 
(38,39,40,41,42,43,44) 

 
Knot Configurations  
A. Half-Hitches  
Half hitch is the simplest of all sliding knots 
formed by wrapping the suture limb once 
around the post limb. Named according to the 
position of the wrapping limb relative to the 
post limb as viewed by the surgeon during knot 
tying, (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. half hitches 
 (A. Under-over , B. Over- under) 
 
Reversed half hitches refers to two sequential 
half hitches tied in reversed direction on the  
same post, (Figure 3). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Reversed half hitches on same post 
 
Reversed half hitches on alternating posts 
(RHAP) refers to two sequential half hitches 
formed in reversed directions around the 
opposite post. RHAPs are commonly used to 
lock a sliding knot in place, (Figure 4). 
(38,39,40,41,42,43,44,45) 
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Figure 4. Reversing half-hitch and alternating 
posts 
 
Two half-hitches as an extracorporeally tied 
sliding knot could be intracorporeally 
advanced, tightened, and pulled back to a flat 
granny knot during laparoscopic procedures 
(Fig. 5A). extracorporeally tied sliding 
reversed half-hitches equally could be reversed 
back intracorporeally to a flat square knot (Fig. 
5B, Table 2). (4) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Numerous  sliding knots (top row) 
represent the capsized   geometry of flat knots 
(bottom row). Two half-hitches as such, are a 
capsized granny knot (A),  reversed half-
hitches a capsized square knot (B), the simple 
version of the practical knot a capsized 
surgeon’s knot (C), Nicky’s knot a capsized 
granny-wise surgeon’s knot (D), the advanced 
version of the practical knot a capsized granny-
wise surgeon’s knot with an additional 
reversed half-hitch (E), and the giant knot a 
capsized grannywise surgeon’s knot with an 
additional half-hitch (F).  Equally, the 
modified taut-line hitch is a capsized granny-
wise tree surgeon’s hitch (G) and the 

Tennessee slider, a capsized whatknot (H). All 
these flat knots can also be capsized by tension 
on the left end instead of the right, but this will 
result in an identical capsized geometry. 
 
Table 2. Flat Knots That Can Be Capsized 
Either Way* Into a Sliding Endoscopic Knot 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. Commonly used compound sliding knots 
Compound sliding knots have more than one 
turn of the wrapping limb around the post (i.e. 
any sliding knot other than a half hitch) (Figure 
6).  Can be used in situations where the suture 
slides smoothly and freely through the tissue 
and anchoring device. Advantageous since 
compound sliding knots can be made to slide 
down the post limb without unraveling or 
jamming prematurely. Theoretical 
disadvantages include abrasion of suture 
against the anchor eyelet, suture cutting 
through tissue as it slides. (46,47,48,49,50,51,52,53,54)  
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different from that obtained with standard 
Porto systemic shunting. In addition, recent 
reports appear to show a high incidence of 
ecephalopathy and shunt occlusion with the 
interposition shunt. (7,8,9,10) 

           Because of the unsatisfactory results of 
shunting operations, several non shunting 
procedures have been described. (11,12,13,14)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. different types of sliding knots 
 
 
C. Commonly used “non-sliding” (static) 
knots  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Non-sliding (static) knots 

These knots are the only knots that can be used 
when the suture does not slide freely through 
the tissue and anchoring device. These knot 
configurations also theoretically avoid suture 
damage from abrasion and tissue damage 
during sliding, (Figure 7).  
The major disadvantage of static knots is the 
propensity of the loop to loosen before the 
second half-hitch is seated to the point that it 
provisionally “locks” the knot. This occurs 
when using a single-lumen knot pusher.  
One method of minimizing this effect is by 
using a double-diameter knot pusher which 
holds the tissue loop tight as it advances 
sequential half-hitches (Surgeon’s Sixth 
Finger). (55,56,57,58) 

 

Roeder’s Knot (59) (Figure 8) 

Step1. One half knot is taken first 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step2. Three rounds are taken in front of the 
first half knot , over  both the limb of loop. 
 
 
 
 
 
 
 
 
 
 
 
Step3: A second half knot is taken around  
                one side of loop 
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Step4:  Knot is stacked properly and then slide 
on the long standing part of the thread 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Roeder’s knot ( 1:3:1,  One hitch 
three winds and one locking hitch) 
 
Meltzer slip knot (59) (Figure 9) 
 
Step1. Two half knot is taken first 
 

 
 
 
 
 
 
 
 
 
 
 

 
Step2. Three rounds are taken in front of the 
first double half knot over both the limb of 
loop. 
 
 
 
 
 
 
 
 
 
 
 
Step3: Make two half hitches on the sliding 
strand of the loop. 
 
 
 
 
 
 
 
 
 
 
 
 

used instead of the Roeder knot to tie the 
medial end of the cystic duct during 
Cholecystectomy and to fix the cystic duct 
drainage cannula after trans-cystic clearance of 
ductal stones, as catgut is no longer available. 
PDS is the suture material of choice for 
Meltzer knot. 
 
Figure 9. Meltzer knot ( 2:3:2, Two hitches, 
Three winds, Two half locking hitches, A 
slide) 
 

Tayside knot (59) (Figure 10) 

Step1: A single hitch (Half knot) is taken first 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step2. Four and a half rounds are taken behind 
the first half knot over long standing limb of 
thread. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step3:  A locking hitch is made by passing tail 
through the second and third loop. 
 
 
 
 
 
 
 
 
 
 
 
 
 
             Figure 10. Tayside knot  
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The Tayside knot is suitable for use with all 
braided sutures (2/0 or stronger) as well as 
dacron. It is used with Dacron for ligation of 
vessels such as the azygous vein, splenic 
artery/vein or the inferior mesenteric 
artery/vein. 
 
Weston Knot (60, 61) (Figure 11) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Weston Knot 
 
The Weston slip knot was initially described in 
the obstetric and gynecology literature and is 
also used in arthroscopic surgery.The 
advantage of this knot is that it is relatively 
easy to tie outside, can then slip easily into 
place and be tightly secured. The post strand 
does not move throughout the knot; the loop 
strand is the longer strand which is moved to 
make the knot. The advantage of the Weston 
knot is that it locks readily and is not bulky.  
 
Pre-tied loop (figure 12) 

o The loop is drawn up into the 
metal sleeve.  

o The tube is then introduced 
through an abdominal port. 

o Once inside the abdomen the 
loop is advanced using the push 
rod. 

o A grasping forceps is placed 
through the loop and used to 
grasp the tissue to be ligated. 

o The loop is delivered over the 
tissue and the knot and push rod 
positioned at the base of the 
tissue. 

o The loop is then tightened around 
the tissue by tensioning the long 
end and applying pressure to the 
knot via the push rod causing it to 
slide. 

o The knot is locked firmly in 
place. 

o The graspers are removed and 
replaced by suture scissors to 
divide the long end prior to 
removal 

 
 



Extracorporial Knots in Laparoscopic Surgery                                                                                                Omar Salem Khattab 
 

                                            
   J Fac Med Baghdad                                                                                                          Vol. 50 , No. 3 , 2008 352

 
 
 
 
 
 
 
 
 
figure 12. Pre-tied loop 
 

Preformed loops are used to ligate 
tissue e.g. the base of the appendix, lung 
bullae, and also useful for sealing a perforated 
organ if this is to be removed, e.g. perforation 
of the gallbladder during laparoscopic 
cholecystectomy where closure is necessary to 
prevent escape of gallstones into the peritoneal 
cavity. (59) 

A pre-formed loop can also be used to 
secure a divided vessel after it has been 
isolated by a grasper. A slight modification of 
this technique allows it to be used to secure 
smaller identified vessels. One end is clipped 
and the other controlled temporally by a 
grasper, which has already been passed 
through a loop. The vessel is divided and the 
loop slid into place and tightened before the 
grasper releases the vessel. For Extracorporeal 
Knotting knot pushers are used. These knot 
pushers are of either closed jaw or of open jaw 
type, (figure 13). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
figure 13. knot pushers: closed jaw, open jaw 
 
Extracorporeal knotting is preferred in the 
following situations: 

• Ligature in continuity of large vessels 
• Suturing in areas of limited access 

where the working space is restricted 

• In the approximation of edges of 
defects where the force requires to 
approximate the edges is substantial 
(62) 

Rules governing external slip knotting 
• the type of the thread must be 1.5m 

and the guage should be 2/0 or greater 
• The type of slip knot selected depends 

on the ligature material being used. 
Certain slip knots provide sufficient 
holding strength with catgut but not 
with other materials. 

• For any ligature material, the holding 
force (resistance to reverse slipping) 
of any surgical slip knot varies 
directly with its caliber. Thus the 
holding strength of a 1/0 slip knot is 
roughly twice that of the 2/0 
equivalent. 

• Stiff hydrophobic monofilament 
material should be avoided as it exerts 
a lesser frictional hold and has a 
greater tendency to spill than braided. 
(62) 

Suture material 
  Absorbable sutures: Catgut- Poor 
gliding ability, Vicryl- Good maneuverability, 
PDS- Excellent gliding ability, no need to 
follow during intracorporeal anastomosis.  
Non-absorbable sutures: Silk- it is braided and 
so more traumatizing, Prolene- Monofilament 
but has memory so makes it very tedious to 
use, Ethibond- Monofilament with less 
memory and better maneuverability than 
prolene (62) 
 
Results:   

Most surgeons suggest becoming 
facile with one static and one sliding knot. 
However, a static knot can actually be used in 
all situations whereby a sliding knot can be 
only used if the suture slides freely through the 
tissue and anchoring device. For a knot to be 
effective it must possess the attributes of knot 
security and loop security. Knot security 
depends on 3 factors: Friction , Internal 
interference, Slack between throws.  

Friction is greater for braided 
multifilament suture than for monofilament 
suture.  

Internal interference refers to the 
“weave” of the two suture limbs relative to 
each other. Internal interference can be 
increased by reversing the half-hitches and/or 
alternating posts. For compound sliding knots 
internal interference is increased by increasing 
the length of contact and the complexity of the 
“weave” between the two suture limbs.  

Slack between throws is eliminated 
by removing twists between the suture limbs 
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prior to advancing a half-hitch and by past-
pointing.  

Loop security is the ability to 
maintain a tight suture loop as a knot is tied, 
(Figure 14). It is possible to have an ineffective 
repair in spite of good loop security if the 
suture loop is loose and does not adequately 
approximate the edges of the tissue to be 
repaired.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thus it is the knot which provides the 

Thus it is the knot which provides the best 
balance of loop security and knot security and 
can be easily and reproducibly tied. Loop 
security measured as loop circumference at 5 
N preload. Knot security measured as 
maximum force to failure at 3 mm of 
crosshead displacement or suture breakage. 
(63,64,65,66,67,68,69,70,71,72,73,74) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. (44) Evaluated loop and knot security of 6 sliding knots (Duncan loop, Nicky’s knot, Tennessee 
slider, Roeder knot, SMC knot, Weston knot) and 1 static knot (Surgeon’s knot).  
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Compound sliding knots are 

commonly “locked” into place by tension the 
wrapping limb or “flipping” the knot. 
Tensioning the wrapping limb, distorts the post 
limb, resulting in a kink in the post, increasing 
the internal interference and thus increasing the 
resistance of the knot from backing off. Sliding 
knots are commonly divided into non-locking 
and locking knots. Locking knots may be 
further divided into proximal locking, middle 
locking and distal locking knots according to 
where the wrapping limb deforms the post 
limb when it is tensioned. Non-locking: 
Duncan loop, Proximal locking: Nicky’s knot, 
Middle locking: SMC knot, Tennessee slider, 
Distal locking: Weston knot, Roeder knot.  

Proximal locking knots are easy to 
lock especially when the loop tension is high. 
However, when locking some sliding knots, 
the loop tends to enlarge when “flipping” the 
knot. Proximal locking knots tend to cause 
more loop expansion (loss of loop security) 
than distal locking knots. Non-locking sliding 
knots (e.g. Duncan loop) resist slippage by the 
tight grip of the wrappings around the initial 
post. .(63,64,65,66,67,.68,69,70,71,72,73,74) 

For externally tied slip knot a long 
length of ligature is required (100cm). It must 
be long enough to have the knot pusher 
threaded on to it, to be passed into the 
abdomen, round the structure to be ligated and 
to be brought out again and still have sufficient 
length for the surgeon to tie his / her knot. The 
knot chosen to complete the loop depends on 
the clinical situation and the material in use. 
modification of the Roeder knot was described 
in 1991 by Meltzer for use with PDS.  The 
Tayside knot is safe for use with any braided 
material (2/0 or stronger). It supplies a degree 
of resistance to reverse slippage equivalent to a 
surgeons knot. (59) 

The holding and tensile characteristics 
of the extracorporeal slip-knot depend on the 
types of ligature material used and the types of 
knot applied. Slip knots tied with silk and 
polyamide are less secure than the equivalent 
knots tied with dacron, lactomer and 
polydioxanone. (30)    
  
  Both static and cyclic loading studies 
have demonstrated that reversing post and 
alternating half-hitches following a base (i.e. 
compound sliding) knot is essential in 
providing both initial loop and knot security.  
Most compound sliding knots even newer 
knots (e.g. SMC) are more secure with 
RHAPs. RHAPs can be performed by 
manually switching and rethreading posts or by 
flipping a half hitch. This can be performed 

with single or double diameter knot 
pushers.(63,64,65,66,67,.68,69,70,71,72,73,74) 

 
Discussion: 

Laparoscopy is useful to treat surgical 
diseases, yet tying sutures in the cavity is a 
challenge. A knot to secure tissue 
approximation, which would be hand-made, 
secure, simple, easy, quick, reliable, and 
extracorporeal without extra mechanical 
devices constitute the essence of surgical 
practice because an unreliable suture knot can 
spoil the outcomes of an otherwise beautifully 
performed surgical procedure. Surgeons are 
certainly not new to knotting, but they seem 
not to be aware of the possibilities and impact 
of the techniques of capsizing, flipping, and 
flyping. Understanding these techniques 
provides endoscopic surgeons an insight into 
the evolution of sliding knots, and a simple 
technique to additional improvements on the 
knots they use. (1) 
 

The surgeon's knot provided the 
highest force to failure and the tightest loop 
circumference whether tied with No. 2 
Ethibond or No. 2 Fiberwire suture. Among 
the sliding knots, the Roeder knot with 3 
RHAPs showed the best balance of loop 
security and knot security when tied with No. 2 
Ethibond or No. 2 Fiberwire. Sliding knots tied 
without RHAPs showed low force to failure 
and loose suture loops whether tied with 
Ethibond or Fiberwire. The addition of 3 
RHAPs improved knot security and, in most 
cases, loop security of all the sliding knots. (75) 

 
The modified Roeder knot (by adding 

a fourth loop around the standing end of the 
suture and a second half-hitch to the completed 
knot.) was significantly stronger than the 
standard Roeder knot, and its comparable in 
strength to the strongest laparoscopic multiple-
throw square knots. a 2 polydioxanone and 1 
polyglyconate 4S modified Roeder knot would 
be an acceptable alternative to the 
commercially available Endoloop, followed by 
0 polyglyconate that exceeded the 1PDS. (76, 77, 

78, 79, 80) 

Sterilization with either ethylene 
oxide or gas plasma of pre-tied, polyglyconate, 
or polydioxanone ligature loops significantly 
increases the in vitro likelihood of a modified 
Roeder knot untying. (81) 

 
The load to ultimate failure reached 

plateau when 3 or more additional half-hitches 
were made for all knot configurations. As the 
number of additional half-hitches increased, 
the mode of failure switched from pure loop 
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failure (slippage) to material failure 
(breakage). (82, 83, 84) 

 
Measurements of knot strength of two 

to six half hitches (hand tied) showed that four 
half hitches were necessary to tie a secure 
nonslipping knot with most monofilament 
threads (nylon, polytetrafluoroethylene, 
braided polyester suture, and polyamide 66), 
while three half hitches were adequate to 
secure a knot when polyglactin 910, braided 
polyester fiber, silk, and polydiaxone were 
used. Additional throws did not increase knot 
strength once the knot no longer slipped. 
Improvements in knot strength at laparoscopy 
can be achieved by choice of optimal knot 
configuration for different suture materials. (85, 

86) 

 
References 

1. hage JJ. How Capsizing, Flipping, and Flyping 
of Traditional Knots Can Result in New 
Endoscopic Knots: 

                A Geometric Review. J Am Coll Surg.2007;  
                205(5): 717-723. 

2. Soper NJ, Hunter JG. Sutering and knot tying 
in laparoscopy. Surg Clin N Am 1992; 
72:1139–1152. 

3. Puñal Rodríguez JA. Reliable double-
component knots for laparoscopic surgery. Br J 
Surg 1998; 85:16–19. 

4. Meng MV, Stoller ML. Laparoscopic 
intracorporeal square-to-slip knot. Urology 
2002; 59:932–933. 

5. Chan KC, Burkhart SS. How to switch posts 
without rethreading when tying half-hitches. 
Arthroscopy 1999; 15:444–450. 

6. Tait PG. Listing’s topologie Introductory 
address to the Edinburgh Mathematical Society, 
November 9, 1883. In: Tait PG,  ed. Scientific 
papers. Vol. II. Cambridge, UK:University 
Press; 1900:85–98. 

7. Budworth G. The book of practical fishing 
knots. Mechanicsburg, PA: Stackpole Books; 
2003. 

8. Pritchard C. Aspects of the life and work of 
Peter Guthrie Tait. Edinburgh, UK: James 
Clerk Maxwell Foundation; 1999. Available at: 
http://www.clerckmaxwellfoundation. 
org/PritchardTaitBooklet.pdf. Accessed 
December 6, 2006. 

9. Tait PG. On knots. In: Tait PG, ed. Scientific 
papers. Vol. I. Cambridge, UK: University 
Press; 1898:237–317. 

10. Karabacak RO, Shabgahi B, Biberoglu KÖ. A 
new practical knot technique for use in 
laparoscopy. Endoscopy 1992; 24:805. 

11. Luks FI, Deprest J, Brosens I, Lerut T. 
Extracorporeal surgical knot. J Am Coll Surg 
1994;179:220–222. 

12. FischerSP.Howtomakesense out of arthroscopic 
knot-tying.Available at: 
http://www.aana.org/pdf/ FallCourse/2006 
knottyinghandout.pdf Accessed: November 13, 
2006.     

13. Al Fallouji M.Making loops in laparoscopic 
surgery: state of the art. Surg Laparosc Endosc 
1993;3:477–481. 

 
 

Conclusion: 
A static surgeon’s knot provides the best 
balance of loop security and knot security 
within the knot configurations. A sliding knot 
without RHAPs has both poor loop security 
and knot security and should not be tied. The 
addition of 3 RHAPs improves knot security of 
all sliding knots tested and improves the loop 
security of most of the sliding knots tested. 
Loop security is a primary determining factor. 
The knot chosen should be the one which the 
surgeon can easily and reproducibly tie with 
good knot and loop security.  
 
 
 
 
 
 
 
 

14. De Beer JF, van Rooyen K, Boezaart AP. 
Nicky’s knot—a new slip knot for arthroscopic 
surgery. Arthroscopy 1998;14:109–110. 

15. Lo IKY, Burkhart SS, Chan KC, Athanasiou K. 
Arthroscopic knots: determining the optimal 
balance of loop security and 

                knot security. Arthroscopy 2004;20:489–502. 
16. Elkousy HA, Sekiya JK, Stabile KJ, McMahon 

PJ. A biomechanical comparison of 
arthroscopic sliding and sliding-locking knots. 
Arthroscopy 2005;21: 204–210. 

17. Hassinger SM, Wongworawat MD, Hechanova 
JW. Biomechanical characteristics of 10 
arthroscopic knots. Arthroscopy 

                2006;22:827–832. 
18. Hughes PJ, Hagan RP, Fisher AC, et al. The 

The kinematics and kinetics of slipknots for 
arthroscopic Bankart Repair. Am J Sports Med 
2001; 29:738- 745. 

19. Fleega BA, Sokkar SH. The giant knot: a new 
one-way selflocking secured arthroscopic slip 
knot. Arthroscopy 1999;15:451–452. 

20. Snyder SJ. Technique of arthroscopic rotator 
cuff repair using implantable 4-mm Revo 
suture anchors, suture Shuttle relays, and no. 2 
nonabsorbable mattress sutures. Orthop Clin 
North Am 1997;28:267–275. 

21. Nottage WM, Lieurance RK. Arthroscopic knot 
tying techniques. Arthroscopy 1999;15:515–
521. 

22. Lieurance RK, Pflaster DS, Abbott D, Nottage 
WM. Failure characteristics of various 
arthroscopically tied knots. Clin Orthop Relat 
Res 2003;408:311–318. 

23. Marrero MA, Corfman RS. Laparoscopic use of 
sutures. Clin Obstet Gynecol 1991;34:387–394. 

24. Pier A, Thevissen P, Eikel M, Götz F. 
Laparoskopische Naht— und Knüpftechniken. 
Chirurg 1994;65:473–483. 

25. Campbell DF, Nassar AHM, Tamijmarane A. 
The Vale knot—an intracorporeal slipknot. 
Surg Endosc 2000;14:90–91. 

26. Delimar D, Korzinek K,Hancevic J. Initial 
throw locking internal knotting technique. Surg 
Endosc 1998;12:1184–1185. 

27. Delimar D. A secure arthroscopic knot. 
Arthroscopy 1996;12: 345–347. 

28. Hasson HM. Suture loop techniques to facilitate 
microsurgical and laparoscopic procedures. J 
Reprod Med 1987;32:765–767. 



Extracorporial Knots in Laparoscopic Surgery                                                                                                Omar Salem Khattab 
 

                                            
   J Fac Med Baghdad                                                                                                          Vol. 50 , No. 3 , 2008 356

29. Croce E, Olmi S. Intracorporeal knot-tying and 
suturing techniques in laparoscopic surgery: 
technical details. JSLS 2000;4: 

                17–22. 
30. Shimi SM, Lirici MM, Vander Velpen G, 

Cuschieri A. Comparative study of the holding 
strength of slipknots using absorbable and 
nonabsorbable ligature materials. Surg 
Endosc1994;8: 1285–1291. 

31. Prepageran N, Raman R.Hangman’s knot in 
securing bypass tubes in endonasal 
dacryocystorhinostomy. Rhinology 
2002;40:95–100. 

32. Pattas M, Theodorou D, Lagoudianakis E, et al. 
Easyloop knot: A simple and safe 
extracorporeal knot. Am J Surg 2006;191:821–
822. 33. Kuniholm JF, Buckner GD, Nifong W, 
Orrico M. Automated knot tying for fixation in 
minimally invasive, robot-assisted cardiac 
surgery. J Biomech Eng 2005;127:1001–1008. 

33. Kuniholm JF, Buckner GD, Nifong W, Orrico 
M. Automated knot tying for fixation in 
minimally invasive, robot-assisted cardiac 
surgery. J Biomech Eng 2005;127:1001–1008. 

34. Yiannakopoulos CK, Hiotus I, 
Antonogiannakis E. The triad knot: a new 
sliding self-locking knot. Arthroscopy 2005;21: 

                899.e1_899.e3. 
35. Ng JWT, Yeung B. Simple, instrument-assisted 

technique for tying a slip knot: a note of 
caution. ANZJ Surg2004;74:270–271. 

36. Chan KC, Burkhart SS, Thiagarajan P, Goh 
JCH.Optimization of stacked half-hitch knots 
for arthroscopic surgery. Arthroscopy 
2001;17:752–759. 

37. Balg F, Boileau P. The mid-ship knot: a new 
simple and secure sliding knot. Knee Surg 
SportsTraumatol Arthrosc 2007;15:217–218. 

38. Bardana DD, Burks RT, West JR. The effect of 
suture anchor design and orientation on suture 
abrasions: an in-vitro study. Arthroscopy 
2003;19:274-81. 

39. Brouwers JE, Oosting H, DeHaas D, Klopper 
PJ. Dynamic loading of surgical knots. Surg 
Gynecol Obstet 1991;173:443-448. 

40. Burkhart SS,  Wirth MA, Simonich M, Salem 
D, Lanctot D, Athanasiou K. Knot security in 
simple sliding knots and its relationship to 
rotator cuff repair: how secure must the knot 
be? Arthroscopy 2000;16:202-207. 

41. Burkhart SS, Wirth MA, Simonich M, Salem 
D, Lanctot D,   Athanasiou K. Loop security as 
a determinant  of tissue fixation security. 
Arthroscopy 1998;14:773-776. 

42. Chan KC, Burkhart SS, Thiagarajan P, Goh 
JCH. Optimization of stacked half-hitch knots 
for arthroscopic  surgery. Arthroscopy 
2001;17:752-759. 

43. Chan KC, Burkhart SS. How to switch posts 
without rethreading when tying half-hitches. 
Arthroscopy 1999;15:444-450. 

44. Lo I. Essential principles of tying secure 
arthroscopic knots. http://www.google.com. 

45. Gunderson PK. The half-hitch knot: a rational 
alternative to the square knot. Am J Surg 
1987;154:538-540. 

46. De Beer JF, van Rooyen K, Boezaart AP. 
Nicky’s knot-a new slip knot for arthroscopic 
surgery. Arthroscopy 1998;14:109-110. 

47. Delimar D. A secure arthroscopic knot.. 
Arthroscopy 1996;12:345-347. 

48. Fleega BA. Sokkar SH. The giant knot: a new 
one-way self-locking secured arthroscopic slip 
knot giant knot: a new one-way self-locking 
secured arthroscopic slip knot 

49. Holmlund DE. Knot properties of surgical 
suture materials. Acta Chir Scand 
1974;140:355-362. 

50. Hughes PJ, Hagan RP, Fisher AC, Hold EM, 
Frostick SP. The kinematics and kinetics of 
slipknots for arthroscopic Bankart repair. Am J 
Sports Med 2001;29:738-745. 

51. Ilahi OA, Younas SA, Alexander J, Noble PC. 
Cyclic testing of arthroscopic knot security. 
Arthroscopy 2004;20:62-68. 

52. Kim SH, Ha KI. The SMC knot-a new slip knot 
with locking mechanism. 
Arthroscopy2000;16:563-565. 

53. Kim SH, Ha KI, Kim SH, Kim JS. Significance 
of the internal locking mechanism for loop 
security enhancement in the arthroscopic. 
Arthroscopy 2001;17:850-855. 

54. Perez Carro L, Garcia MS. Totally intra-
articular arthroscopic knot: push and twist 
technique. Arthroscopy 1999;15:106-109. 

55. Snyder JS. Technique of arthroscopic rotator 
cuff repair using implantable 4-mm Revo 
suture anchors, suture shuttle relays, and no.2 
nonabsorbable mattress sutures. Orthop Clin 
North Am1997;28:267-275. Weston PV. A new 
clinch knot 

56. Tera H, Aberg C. Tensile strength of twelve 
types of knots employed in surgery, using 
different suture materials. Acta Chir Scand 
1976;142:1-7. 

57. Van Rijssel EJ, Trimbos JB, Booster MH. 
Mechanical performance of square knots and 
sliding knots in surgery: a comparative study. 
Am J Obstet Gynecol 1990;162:93-97. 

58. Weston PV. A new clinch knot. Obstetrics 
Gynecology 1991;78:144-147. 

59. Mishra RK. Textbook of practical laparoscopic 
surgery. Jaypee, New Delhi. 2007, p.104-123. 

60. Weston PV. A New Clinch Knot. Obstet 
Gynecol 1991; 78:144-147. 

61. Hassinger SM, Wongworawat MD, Hechanova 
JW. Biomechanical Characteristics of 10 
Arthroscopic Knots. Arthroscopy 2006; 8: 827-
832. 

62. Ajay Kriplani, Parveen Bhatia, Arun Prasad, 
Deepak Govil, H. P. Garg.  Comprehensive 
laparoscopic Surgery. Sagar, india. 2007, p 40-
51. 

63. Heermann JB. Tensile strength and knot 
security of surgical suture materials. Am J 
Surg1971;37:209-217. 

64. Lo IK, Burkhart SS, Chan KC, Athanasiou K. 
Arthroscopic knots: determining the optimal 
balance of loop security and knot security. 
Arthroscopy 2004;20(5):489-502. 

65. Lee TQ, Matsuura PA, Fogolin RP, Lin A, Kim 
D, McMahon PJ. Arthroscopic suture tying: a 
comparison of knot types and suture materials. 
Arthroscopy 2001;17:348-352. 

66. Lo IK, Burkhart SS, Athanasiou K. Abrasion 
resistance two types of nonabsorbable braided 
suture. Arthroscopy2004;20:407-13. 

67. Lieurance RK, Pflaster DS, Abbott D, Nottage 
WM. Failure characteristics of various 
arthroscopically tied knots. Clin Orthop 
2003;403:311-318. 

68. Loutzenheiser TD, Harryman DT II, Yung SW, 
France M, Sidles JA. Optimizing arthroscopic 
knots. Arthroscopy 1995;11:199-206. 

69. Loutzenheiser TD, Harryman DT II, Ziegler 
DW, Yung SW. Optimizing arthroscopic knots 
using braided or monofilament suture. 
Arthroscopy1998;14:57-65. 



Extracorporial Knots in Laparoscopic Surgery                                                                                                Omar Salem Khattab 
 

                                            
   J Fac Med Baghdad                                                                                                          Vol. 50 , No. 3 , 2008 357

70. Mishra DK. Cannon WD Jr, Lucas DJ, Belzer 
JP. Elongation of arthroscopically tied knots. 
Am J Sports Med 1997;25:113-117. 

71. Nottage WM, Lieurance RK. Current concepts. 
Arthroscopic knot tying. 
Arthroscopy1999;15:515-521. 

72. Richmond JC. A comparison of ultrasonic 
suture welding and traditional knot tying. Am J 
Sports Med 2001;29:297-299. 

73. Thal R. Knotless suture anchor. Clin Orthop 
2001;390:42-51. 

74. Trimbos JB, Van Rijssel EJC, Klopper PJ. 
Performance of sliding knots in monofilament 
and multifilament suture materials. Obstet 
Gynecol 1986;68:425-430. 

75. Lo IK, Burkhart SS, Chan KC, Athanasiou K. 
Arthroscopic knots: determining the optimal 
balance of loop security and knot security. 
Arthroscopy. 2004 May;20(5):489-502. 

76. Sharp HT, Dorsey JH, Chovan JD, Holtz PM. 
A simple modification to add strength to the 
Roeder knot. J Am Assoc Gynecol Laparosc. 
1996 Feb;3(2):305-7. 

77. Sharp HT, Dorsey JH. The 4-S modification of 
the Roeder knot: how to tie it. Obstet Gynecol. 
1997; 90(6):1004-6. 

78. Shettko DL, Frisbie DD, Hendrickson DA. A 
comparison of knot security of commonly used 
hand-tied laparoscopic slipknots. Vet Surg. 
2004; 33(5):521-4. 

79. Carpenter EM, Hendrickson DA, James S, 
Franke C, Frisbie D, Trostle S, Wilson D. A 
mechanical study of ligature security of 
commercially available pre-tied ligatures versus 
hand tied ligatures for use in equine 
laparoscopy. Vet Surg. 2006; 35(1):55-9. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

80. Sharp HT, Dorsey JH, Chovan JD, Holtz PM. 
Sharp HT, Dorsey JH, Chovan JD, Holtz PM. 
The effect of knot geometry on the strength of 
laparoscopic slip knots. Obstet Gynecol. 1996 
;88(3):408-11. 

81. Trostle SS, Hendrickson DA, Franke C. The 
effects of ethylene oxide and gas-plasma 
sterilization on failure strength and failure 
mode of pre-tied monofilament ligature loops. 
Vet Surg. 2002;31(3):281-4. 

82. Kim SH, Yoo JC, Wang JH, Choi KW, Bae TS, 
Lee CY. Arthroscopic sliding knot: how many 
additional half-hitches are really needed? 
Arthroscopy. 2005;21(4):405-11. 

83. Kim SH, Ha KI, Kim SH, Kim JS. Significance 
of the internal locking mechanism for loop 
security enhancement in the arthroscopic knot. 
Arthroscopy. 2001;17(8):850-5. 

84. Trimbos JB, Van Rijssel EJ, Klopper PJ. 
Performance of sliding knots in monofilament 
and multifilament suture material. Obstet 
Gynecol. 1986;68(3):425-30.  

85. Kadirkamanathan SS, Shelton JC, Hepworth 
CC, Laufer JG, Swain CP. A comparison of the 
strength of knots tied by hand and at 
laparoscopy. J Am Coll Surg. 1996;182(1):46-
54. 

86. Trimbos JB. Security of various knots 
commonly used in surgical practiceSecurity of 
various knots commonly used in surgical 
practice. Obstet Gynecol. 1984;64(2):274-80.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




